Abstract-In antenna theory, the dipole hypothesis is applicable and widely used for observing the far-field radiation. However, when applied to near-field quasi-static radiation observation in geophysical surveying, the transceiver distance is often small, and thereby the source should not be treated as a dipole to avoid misfit between the observation and the modeling based on the dipole theory. To overcome such limitation, this paper first presents a new method of estimating the field generated from a dipole by dividing it into a series of infinitesimal point charge and computing both the velocity field excited by uniform-motion charge and accelerated-velocity field from accelerated charge, so that not only the far-field radiation but also the near-field quasi-static radiation can be accurately estimated. The results are well verified by the traditional methods of radiation modeling from a dipole. Then this study investigates the associated physical mechanism by developing a new equation for computing the radiated field in time-domain based on the frequency-to-time transformation, from which the relationship between a motive charge and its corresponding field is investigated. It is concluded that the field generated from dipole is in nature the same as that generated from motive charge.
INTRODUCTION
In antenna theory, far-field radiation generated from a dipole is very useful for remote communication and a dipole is often used to approximate the antenna, because the antenna length is far smaller than the distance between source and receivers. Therefore, at the early stage of communication, the finite-length antenna is treated as a dipole that consists of two equivalent charges with opposite polarity. When the antenna is electrified with alternating currents, the charges start moving with a certain acceleration and velocity; thereby a series of elementary current are generated.
When applied to geophysical exploration, if length of the grounding-wire source and circle-loop source is small, they can be regarded as electric dipole source and magnetic dipole source, respectively. The function of source potential is derived by substituting the magnetic moment of dipole source into the Green Function, without taking into account the effect of varying transceiver distance due to the infinite-length antenna instead of a point charge. For long grounding-wire source and large loop source, the generated potential functions are often computed as an integration of a series of diploe sources, rather than point sources [1] . However, the theory of dipole source is only applicable when the transceiver distance is far larger than the size of source. When the transceiver distance is comparable to or even smaller than the source size, the dipole theory is not applicable any more, otherwise, the generated result would have limited resolution, although it is consistent with the intensity of farfield radiation. The major limitation is that, integration cannot provide solutions to accurately estimate the near-field radiation as well as the high-order terms ignored in the equation of computing far-field radiation [2] [3] .
In most cases, the result accuracy is acceptable by computing the field response through the integration of a series of dipole sources. However, with the increasing requirements on the accuracy of TEM surveying, it is expected to introduce the concept of infinitesimal point charge and develop a new method for response computation, so that the subtle errors due to dipole micro-unit could be effectively eliminated.
Monopole antenna is about half of the dipole antenna. By setting a monopole antenna on the plane of the conductor, radiation is induced by the monopole antenna on the conductor. Based on the imaging theory, it is capable of generating the radiation similar to that of a dipole antenna. One strength is that the fed point locates at the top of the antenna, and thereby the monopole antenna has better directivity than the dipole antenna. In such case, the antenna should not be considered as a dipole that consisted of two equivalent charges with opposite polarity, but a monopole that would generate radiation when the charge is accelerated and starts moving. Martin (1999) compared the transmission between the dipole antenna and the traveling-wave antenna, and his conclusion is that the radiation by dipole antenna at the center is different from that by accelerated-moving charge at the endpoint of the travelingwave antenna [4] . Traditionally, the relative motion between two equivalent charges with opposite polarity is regarded as the fundamental of the dipole theory of antenna, and the radiation of a dipole source can be estimated by stacking the fields from all micro charges induced by impulse. Since the dipole source consists of a set of point charges, point charge is more fundamental and mathematic as well as physical relationship can be built through the research on current with point charges and the accelerated-moving point charge.
This paper first proposes a new coordinate system in motion, in which the charge is stationary and the velocity excited by charge at uniform motion can be easily estimated. Then the Lenard -Wishel potential is applied to compute the field from charge at accelerated motion, and further the field from electric dipole. Finally, the relationship is investigated between the acceleration field and velocity field from the charge at accelerated motion and the induced field from electric dipole. This paper also develops the equation for computing the transient field from electric dipole and comparing the differences between fields generated from charges at uniform motion and accelerated motion.
II. POINT CHARGE INTERPRETATION OF HARMONIOUS FIELD FROM ELECTRIC DIPOLE
Oscillating dipole is the simplest system of generating electromagnetic radiation, which is equivalent to an element with alternating current. The actual antenna can be considered as a series of discrete alternating current element (or element antenna); meanwhile, dipole is a pair of equivalent charges with opposite polarities at periodic motion. When the element antenna is electrified by alternating current, the motion of both charges will be accelerated and produce elemental electric current that induces electromagnetic field in the surrounding space. The traditional electromagnetic field induced by dipole could be interpreted as two special cases. If the transceiver distance is far less than the primary wavelength, observed is the near-field electromagnetic radiation, also known as quasistatic field or induction field. In contrast, if the transceiver distance is far greater than the primary wavelength, observed is the far-field electromagnetic radiation, also known as radiation field. The equivalence between charge source and current source is often expressed as follows The second interpretation is the L-type oscillation with constant charge, which is closely related to the acceleration of charge:
In order to build reliable connection between the charge at acceleration motion and the field from dipole, this study adopts the second interpretation to investigate the generation of the dipole field.
A. Radiation field
As the basic model of radiation generation from lowvelocity motion of the charge, the electric dipole radiation is the most fundamental electromagnetic radiation and can be treated as harmonic oscillation of the dipole. As harmonic oscillation is a special case of linear motion with varying velocity, the electric dipole radiation can then be considered as a special case of charge radiation at acceleration motion.
The radiation field from dipole can be computed as, 
Then we can obtain, Note that the real part of Equation (5) is the same as Equation (6).
B. Induction field
The oscillation of dipole induces not only the radiation field, but also the induction field, which can be computed as,  . Both are used for simplifying the velocity field generated from charge at uniform motion.
The electric field induced by dipole can be approximated as the field induced by a pair of equivalent charges with opposite polarities at relative motion Apparently there is close correlation between the velocity field from moving charge and the induction field from dipole. Therefore, it is more fundamental for interpreting the dipole field through the motion of charges.
III. MOVING CHARGE INTERPRETATION OF TRANSIENT FIELD FROM ELECTRIC DIPLOE
It has built the correlation between the field from oscillating dipole and the field from charge at acceleration motion as well as uniform motion. As mentioned above, dipole is a pair of equivalent charges with opposite polarities at periodic motion. When the element antenna is electrified by alternating current, its charge will be accelerated and produce elemental electric current that induces electromagnetic field in surrounding space. Therefore, if the element antenna is electrified with step current, there should also be some correlation between the field from transient dipole and the field from moving charge.
In classic electromagnetic theory, the transient field can be obtained by performing frequency-time transform on the harmonious field, and this section provides the derivation of transient electric dipole field in details.
A. Radiation field
Equation (4) is often used for computing the radiation field from the harmonious electric dipole. Generally, the dipole induces at one endpoint and radiates at the other point. Considering the case that the element antenna radiates at its center, Equation (11) can be further expressed as
which indicates that the radiation field of the transient dipole consists of two impulses with opposite signs, with one .
The first impulse is induced when the charge starts it motion, while the second impulse is induced when the motion of the charge stops, both of which indicate that the radiation field is induced by the acceleration motion of the charges B. Induction field Equation (4) is often used for computing the induction field from harmonious electric dipole: 3 
